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METHOD AND COST OF QUARRYING, CHUSEING AND GRINDING LIMESTONE. . 
AT THE CATSKILL PLANT OF THE NORTH AMENICAN CHMGNT CORPORATION, 
eo ? CATSKIL, N. y.1 


Rt. J. “Fullerton and Albert W. cca’ | 


INTRODUCTION 


_. This paper is one of a series being prepared by the U. S. Bureau of Mines 
describing mining and milling methods and costs at cement-plant quarries 
throughout the United States, and deals directly with methods and costs at the 
quarry and mill of the North American Cement Corporation at Catskill, N. Y.. 
The. process of manufacturing cement is described only as far as the final 
Sees of the raw mekcrte es, 


ho ‘These paper's are deciaiea to diveeninate technical. information regarding 
the methods used. The cost tabulations represent local operating expenditures 
only. and not total production costs. It 1a recognized that publication of 
total production costs may in many instances cause embarrassment to individual 
producers, as well as to the industry as a whole. On.the other hand, operating 
costs are essential to the technical discussion and study of methods employed. 
The attention of the reader is svecifically called to this differentiation in 
order that no » misunderstanding of the scone of the cost tabulations may ensue. 


The authors wish to scapeieass the assistance of the following persons 
who helped in the collection of information: R. W. Jones, mining engineer of 
Catskill, N. Y.3 G. A. Witte, assistant eeneres manager: H. F. Kichline, chief 
chemist; and oe As Hartman, qOaTry foreman. : : 


a STORY 


’ ~The first prosnecting on the eiouaety was sone in 1914 and 1915, and 
quarrying operations were started in POREMeT Ys 1916, al the early opera- 


1 ~: The Bureau of Mines will weloone Peortatine of thie eoee. provided the 
‘following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6522." ~ 

Re -- One of the consulting engineers,. U.: §. Bureau of Mines, and enginoer of 

. the North American Cement | Corporation. 

3 - One of the consulting engineers, U. S. Bureau of Mines, . and | as pales 

engineer of the North American Cenent Corporation. _ 
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tion of the quarry, drilling was done by tripod drills and all stone was 
loaded by hand. Transition to the modern methods of quarrying, to be des- 
cribed subsequently, was made gradually. 


~ 


GEOLOGY 


The Devonian beds in which the quarrying orerations are conducted are 
folded into a series of anticlines and syncline:, with the folds strongly 
developed along a general north-south strike. Another series of folds has 
an east-west strike, but is not so pronounced. The formations are disturbed 
by a series of overthrusts, rather closely spaced and having an easterly dip. 
The overburden varies from 0 to 5 feet in thickness and consists of glacial 
sand and clay deposits ween a small amount : of siliceous material from the 


Oriskany. 


The limestone is of the following designations: Esopus, Alsen, Becraft, 
New Scotland, and Coeymans. The Becraft beds are high in calcium carbonate, 
and quarrying operations are conducted largely in them, with the method of 
quarrying determined by their position. Figure 1 shows an slevation of the 
quarry with the limits of the pEpgent working. face, - ae 
‘The vertically dipping Becraft eens at the east end of the quarry is 
difficult to drill due to seams, faults, and an occasional small cave. To- 
ward the west, where the dip is not so steep, drilling is less difficult, 
although the greater hardness of the New Scotland stone underlying the Becraft 
at the western end of the quarry slows up drilling. About one hole out of 
ten is lost, due to broken drills, seams causing the drill to lose direction, 
etc. Most of the trouble is encountered in’ the wens ea folded stone at the 
east end of the quarry. 


Fae E ene AND SAMPLING 


As stated, .the first prospecting on the SRopeRty: was done in 1914, 
Holes were put down with a shot drill and the core samples obtained were 
analyzed by R. W. Hunt & Co. of New York. 


| Prospecting for the second (North) quarry was done in 1920. In this 
instance well drills were used and sludge samples taken at every 4 feet of 

depth. The holes were spaced about 30 feet apart across the rock fold and 

100 feet apart along the fold, and varied in depth from 60 to 100 feet. 


- Prospecting for the present (South) quarry was started April 17, 1925, 
and is still being carried on at intervals when drilled reserves. require ex- 
tension. Thus far, 85 well-drill holes ranging from 60 to 110 feet: deep have 
been sumk. The spacing of these holes is irregular and was made to suit the 
known approximate strike of the rock folds. As a general.thing the position 
of holes was restricted to points where the Becraft limestone was not exposed 
or where there was doubt about the grade of rock underlying the surface. 
Samples of drill-muds are taken at 5 foot intervals and are analyzed for 
calcium-carbonate content, with complete analyses when. considered necessary. 
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Prospecting is done when convenient as a matter of routine and is kept 
about 400 feet in advance of the quarry face. 


After major jobs of prosvecting, estimates of reserves are made by plotting 
the holes to scale on cross-section paner, and considering dip, average thick- 
ness, and length of formations, and calculating the contents of the proved 
ground in cubic yards. The tonnage is figured by assuming a weight of 125 pounds 
per cubic foot. For convenience, the stone is considered to be of two grades; 


one containing 80 to 100 per cent of CaC0Oz, and the other from 60 to 80 per 
cent of CaC0.. 


QUARRYING METHODS 


Figure 2 shows a plan of the quarry and track.’ The quarry face is approx- 
imately normal to the strike of the folding. The present working face runs 
nearly east and west, and is about 500 feet long by 60 to 84 feet high. The 
quarry is served by a single-loop standard-gage track. The vrimary crusher 


is situated approximately north of the working face and about half a mile dis- 
tant. 


The light overburden, varying from 0 to 5 feet, is not removed by stripping, 
but is shot down and handled with the stone. It is highly siliceous, and 
silica is a necessary component for the cement mixture. The percentese com 
position of the overburden is as follows: Cad, 5.5; Si05, 59.8; Feot:;, 6.4; 
Alof03, 14.3. MzO, 2.93; loss on ignition, 10.0; undetermined, 1.1. The ratio 
of overcurden to stone is about 1 to 50 by weight. 


There is natural drainage from the quarry, so no provisions for taking 
care of water are required. 


Quarrying operations are confined to materials suitable for the cement 
mixture, so there is no waste from the quarry, all the stone going to the 
mill. The output varies from 1,500 tons per day for full mill operation to 
1,000 tons per day for restricted operation. The overburden included in this 
output is about 2 per cent of the total tonnage. The quarry operates in the 
daylight hours only and averages about 10-1/2 hours a day. 


. Drilling 


Three Loomis "Clipper" drills, of traction type, are used for primary 
drilling. A description of them follows: 


1 No. 4ET, type AVE, powered by a 15-hp. electric induction motor; 

1 No. 4ET, type AVE, powered by an 1ll—-hp.. sisctrxe induction motor; 

1 No. 4GT, type JS, powered by an 18—hp.: Cook gasoline engine. 

The electric drills are likeli best because they are easily started in cold 
weather and because it is not necessary to haul gasoline and water to them. 


But since it is inconvenient to operate them at points far from the electric 
power lines, the gasoline drill is used for prospecting, Comparative figures 
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for cpsraving costs of the different drills are not available, but the f ollocer- 
ing figures of __o during 1930 should be interesting: 


Comparison of ari Grill serformance, 1950 


. Drill 


Total feet: ‘arilied - _Hours. operated: ‘| Feat .per hour 

15-hp. electric 5762 3.62 
ll~hp. electric 3927 2209 
18.hp. gasoline 2806 — f 2651 
foteh =| |. 12495 2 4225 Average 2.96 


ie) vite aad with the’ drills are--of- the Gill | aeebe and vary 7 diameter 
from 5-1/2 inches for the smallest ‘to- 6-1/4 inches for the largest; they are 
‘all about 4 feet long, The holes drilled are about 6 inches in diameter. and 
extend to a point 6 or 8 feet below the quarry floor. The holes for primary 
blasting are spaced about 30 feet, back from the quarry face and 16 to 18 feet 
apart. The spacing is ‘controlled: ‘by the required fragmentation, the height of 
face, and the hardness of rocks Thé--prssent practice in spacing holes .was 
developed by experimenting | over &périod of about 18 months, during which time 
six ‘primary blasts were set-off. Distances between holes ranging from 16 to 
22 feet and distances from face‘to holes ranging from 20 to 32 feet were tried, 
one set of measurements being used fpy-one blast so that there was no chance 
for confusion through using several aifferent specings in one blast. After 
calculating the tonnage shot’ down aginst ‘bie fragmentation and ease of clean 
ing up the shots, the present spacings were adopted as standard... 


' A ?-inch Iron pipe 6 or'7 feet tong: ie used’ to. case sale the light 
overburden during drilling. 


Secondary drilling for Becca eta is done he sacenannae: ariile, 
using 7/8-inch hexagon bits, varying in length from 2 to 14 feet. Sonpresee? 
air having a pressure of 70 pounds per squaré inch is used. 7 


oe Blasting 


Twenty or more holes are loaded for-sach pritary blast. A.crew of 10 
men handles the routine of loading, which is about as follows: 3 men truck 
dynamite from the magazine to a position near the holes, 5 men carry dynamite 
and earth for tamping to the holeg,. and 4 mea load the holes... It takes about 
one-half hour to load each hole. 

No springing of holes is done. “Waere the pode 4s hard and solid the hole 
may be completely filled with dynamite, but for.:kesa-solid rock the dynamite 
is alternated with 5 or 6 feet of dirt, co placed that the dirt plugs in ad- 
joining holes will be at different. Levels. At the bottom of every second hole 
and in all-holes at the end of the straight section of the, working face, where 
it curves from an east-west direotion:toward a north-south direction, 100 pow%: 
of 75 per cent quarry gelatin Is ‘uneds Olay is used for tamping in summer, ani 
stone screenings in winter. 
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10- 6 Hercules exploders, with plain and sovered cordeau, detonate the 
primary blasts. Wo. 6 Hercules exvloders are used for secondary blasts. 


The following tabulation shows the quality and quantity of dynamite used 
in 1930. 


Total stone quarried in 1930... . . 281,400 short tons 


Dynamite used for primary blasting (sticks 5 x 16 or 24 in.): 


_Pounds _ 
75 per cent quarry gelatin .....ee 11,250 
60 per cent quarry gelatin . . « « « « e 30,850 
60 per cent Red Cross ees © © @ @ © @ 37, 800 
60 per cent Gelex A eee 2 @ © © © @ @ 9,050 


TOGAL.. we: Gt fe. ee SS A SC Se, ee 88,950 
Stone blasted per pound dynamite . . « « « « e - 3-16 tons 


Dynamite used for secondary blasting (sticks 
1 x 8 inches) (Extra D) ....-6«-e-e-e-e £9,450 pounds 


Stone blasted ner vound dynamite (secondary) . 29.78 tons 


Dynamite used for both primary and secondary 
blasting . 6 «© «© «© «© « © «© © © © © ow ew e@)©~=698,400 pounds 


Stone blasted per pound dynamite . ... see 2.86 tons 


The track along the working face and for a safe distance back along the 
line toward the crusher is removed before setting off primary blasts. The 
Vhole quarry force is emvloyed in removing the tracks and replacing them 
later. The shovel loads the rails and the bundles of ties slung together 
with chain, onto the quarry cars, which are moved away to a safe distance. 
Following the blast and after the shovel has cleaned up the loose stone, 
the track is replaced. 


Loading 


The steam shovel is a 100-B, full-circle, catervillar—type Bucyrus with 
a yard dipper. It loads the stone into 12-yard Western side-dump cars which 
are hauled by an 18ton Vulcan steam locomotive to the primary crusher. The 
shovel crew consists of one operator, one fireman, and one pitman. The one 
Shovel handles the quarry output of 1,000 to 1,500 tons per day. The steam 
Shovel is being replaced by a Marion electric shovel, type 4160, mounted on 
Crawling traction trucks, equipped with 34-foot steel boom, 21s-foot dipper 
8tick and 4-cubic yard divper, and operated by 2,300-volt, 3-phase, 60-cycle 
alternating current. The steam shovel is to be transferred to another quarry of 
the company, where the tonnage handled is somewhat less. 


A shovel of the electric type was deemed desirable for several reasons, 
the principal ones being cheaper operation and the ease of bringing power to 


9740 a sa 


1.0. 6522 ee Bh we 


the shovel and keening the ahovel in are The electric ghovel has a 4~yerd 
dipper, as compared with a 3-yard divper on the shovel it ig replacing. Power 
will be brought to the shovel by a No. 4 four-conductor Rome super-service 
cable, 750 feet long, . 


Upon arrival at the primary crusher, the loaded care are dumped by meers 
of a compressed-air cylinder, which hooks and lifts one side of the car, dump- 
ing the: stone into the crusher. ‘The layout: of the. crushing plant ee includ- 
ing grinding mills) is shown in Figure 3. 


' Transvortation 


The track in the aaeey is leia directly on the quarry floor and is not 
ballasted. The men who. do the secondary drilling and blasting also maintain 
the track. Little work is required for routine maintenance, probably only a 
few man-hours in a month. 


Although the plan of the quarry (fig. 2) sicey: the quarry track as a loot, 
the full loop is not used at present. The locomotive approaches the shovel 
with empties from the east and removes these cars to the east after they are 
loaded. After the removal of the four loaded cars from the shovel, the locom- 
tive mist take them to the crusher and pick up empties to serve the shovel, 
hence the shovel is idle for about 10 minutes while waiting for the empties. 


In present practice the locomotive is always on the crusher side of the 
loads at the shovel, but at the run-drouwid ‘switch at the crusher it shunts 
them by and getting on the shovel side of the loads, pushes them beyond the 
crusher, and picks up a trein of four empties. The locomotive is then between 
‘the, loaded cars and the empties, and starting for the shovel with the empties 
on the shovel side, drops the loaded cars at the crusher where a car puller 
operated by eompreeced air places the cars for dumping. | 


The loop track will be placed in use within a few ween. The Locomotive 
will then handle trains in cars of three, approaching the shovel from opposite 
sides alternatély, and pushing a train of loads away as it places a train of 
empties. In this way there will be no lost time at the shovel. Three trains 
of three cars each will be used, and rhile a train is in transit, there will 
be a train at the shovel and another at the crusher. This change in practice 
will involve no changes in track layout other than some grading on the storage 
ee beyond the crusher,. so that empties can be dropped down for the locomo- 

t VO0 


In movin’ ‘the track serving the working feces the track is taken apart 
in sections about 150 feet long, and the shovel lifts the track to ite new 
position. It makes the first move of the track: from its position on the 
quarry-face side of the track, then moves through the opening between the 
_gections of. track to the outside of the track. The work is completed from the 
outside, except that an opening large enough for the shovel to pass is ieft, 
and this ie closed after the shovel is again between the track and face. 


i Crushing and Scre eening | 
“the 1, 500 — of stone (plus overburden) quarried per day passes 
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successively through a gvratory crusher, a large hamner mill, and a small 
hammer mill. About 150 tons of clay idadded at this point and passes _ 
through the ball mills and the tube mills with the stone, each of the two 
ball mills handling about half the total tonnage and each of the four tube _ 
mills handling about one-quarter of it.. There is no sizing during the. pro-., 
cess, except that a screen with 5/8-inch openings removes about one-third of 


we ee te 


the discharge of the large hammer mill as undersize which by-passes the small 
hammer mill. However, uvon completion of the new screen eaea ene. mae Byenew: 


clay-water slurry will be screened at the ball mills 


The machines used for crushing and grinding, with the approximate size 
of reduction and the rate of output for each, are listed below. The output 
figures for slurry are based « on weights of ary metermere and do not include 


the weight of water. | 7 


Machines used for _¢ crusting and, arinding, showing Approx 


“Size of: material. 


ee nee 3 Entering oe "Leaving 


1 No. 24 Gates-type 4 feet: and ™ g inohes and oT 
gyratory crusher “under: oe  uider vie} Oe ee, 
1 No. 9 Williams | 8 inches and 1 1/2 inches 104 
hammer mill i ; . ee : mee . and under — ee Be gees ce 
Los 7 Williams: 3 cheer xf inches - 6/8 inch ana: ffs ce. P70. 
hammer mill end under under wes ea a 
2 Allis-Chalmers ball 5/8 inch and 94 per cent $31.9 
mills, 8 ft. diam. under | passing 10- 

7 ft. long (prelim | mesh sieve 

inators) | 
4 Allis-Chalmers tube 97 per cent ' 90 per cent $315.4 
mills, 7 ft. diam. passing 10- passing 200~ 

by 16 and 20 ft. long mesh sieve : mesh sieve 


No. 7 hamnper-mill discharge Ball-mill discharge 


Per cent passing: = ball-mill feed = tube-mill feed 
200 mesh -— 51.0 
100 " 11.1 55.8 

80 12.5 57.4 
60 " 14.2 59.4 
sO. (it 16.4 62.2 
. 40 20.1 66.4 
30 "N 24.2 712 
20 =(«" 41.2 79.4 
10 " 47.0 93.8 
6 


63.5 TS 
a 100.0 


l - iecemaede average output in 1930; figures do not represent capacity of 
machines, but average output. 

2 -—- Estimated average output; about one-third the material by-passes this mill 
through the screen. 

3 —~ Average output in 1930. 


Note: The gyratory crusher and the two hammer mills crush stone (plus over- 
burden); the two ball mills and four tube mills grind slurry (stone- 
clay-water). The output figures for these grinding mills are based 
on weights of stone and cley. without water; the proportion of stone . 
to clay is about 9 to l. 
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The output figures for the ball miJls and tube mills are based on the 
mill hours operated and tons ground for the year 1930. The outputs per hour 
for these mills are not comparable to those for the gyrctory crusher and 
hammer mills for the reason that the grinding mills operate dsy and night, as 
needed to maintain stccks of ground material for the xiln3, whereas the crusher 
and hammer mills operate in the day only. The slack is taken uv by the con- 
crete stone storage bin after No. 7 hammer mill, by the open storage served 
by a Whiting electric crane, and by the preliminator (ball mill) foed bins. 
There is no storage between the ball mille and the tube mills, so the tube 
mills mast operate when the ball mills operats. The operating ratio is usually 
two tube mills to one ball mill, but sometimes with one ball mill running, 
three tube mills are run in order to maintain the fineness of hard grinding 
material. This will account for the slight discrepancy between the total of 


61.6 tons per hour for the four tube mills and the 63.8 tons for the two ball 
mills. 


The gyratory crusher is a Gates-type Allis-Chalmers crusher, model K-24, 
and is driven through a belt by a 200-hp. induction motor. ‘The larger hammer 
mill is a No. 9 Williams Mammoth jr., and is driven at 870 r.p.m. by a direct- 
connected 500-hp. slip-ring motor. _ 


The smaller hammer mill is a No. 7 Williams New Type and is driven at 
1170 r.p.m. through a direct drive by a 200—hp. slip-ring motor. This mill 
is preceded by a 2—deck James Duplex vibrating screen, with screens 4 feet 
wide and 7 feet long. The upper deck is for heavy screening and scalping, 
and the lower deck for vroducing the finished product. The stone passing 
through the lower deck is about one-third of the total tonnage handled by 
the screen, so that the mterial retained on the screens and going from them 
to the hammer mill is about two-thirds of the total tonnage. ‘The stone leav- 
ing the small hammer mill and that passing through the screen is carried away 


by a belt conveyor. 
GPinding a 


The following table gives operating data tor the grinding mills during 
1930 when ee tons of slurry (not including weight of ea was ground. 


Cverating data for grinding mh21s, 1990. 
‘Ball mills § Tube mills 


Approximate ‘ball load, pounds ae ee 


2» 8 e 24,000 50, 000 

Diameter of balls, inches . . . «2 e « os 4 : 7/8 
Total weight of balls, worn out, pounds . . .« | = 819,305 
Total cost of balla . 2... ee ee ee ee . $13,922 
Weight of balls worn out per ‘ton of ore | 7 

ground, ‘pounds e206 @ ¢. 7 ecocee se © © @ @ . _ 1.021 
Cost of balls per ton of ore ground... +. $0 .0445 
Cost of réplaced. liners 2 2 o 1 0 oe 2 ew $281.00 — $4,701.00 
Cost of replaced liners per ton of ore ground’ $0.0009 $0.0150 
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No ball consummtion is shown for the bal] mills. There was an unknown 
quantity of old balls used, balls that were not carried on the stores card. 
and which were thus not charged to the ball mills wien used..- Hence oe ae. 
‘no way of computing the cohsumption. | ° 5 es 


The cost figures represent the cost of the balle and liners” only, and do. 
not include labor. Ten end liner plates, and no side liners, were put in -the 
ball mills. Seventeen end linér plates and wae complete sets of liner ead 
were put _ ie tube mills.. 


The an ball mills are * A1146-Chalmers caaiincaiieiie: 8 fest in dismeter 
by 7 feet long. One mill has been equipped with a rotary trommel screen, the 
oversize from which passes to an elevator to be returned to the mill, This 
trommel screen will be removed, however, as two 8-foot, type 42 ‘Hommertt 
screens are being installed to serve the two preliminators. As mentioned 
before, clay and water are added to the stone as it enters the preliminators, 
and the "Hummer" gcreens will handle this slurry. The slurry passing throug: 
the screens will go directly to the ‘tube mills, while the oversize will .de 
returned to the preliminators for further grinding. Each. preliminator 4s = 
driven at 20 r.p.m. through a countershaft,; vinion and gear, by a 200-hp. 
synchronous motor. 

‘The ‘four. tube mills are of Altissthaimére pn ” fect . in Aue ees two 
are 16 feet long and two are 20 feet long. Each tube mill is driven at 21.8 
Te Dole through a countersheft, pinion and gear, ty & Citas te induction motor. 


, As stated, eindine of the stone with olay de aba to roduoe ana ae the 
materials preparatory to burning to cement clinker. Although no grading for 
sizes is done, close control of the fineness of the slurry ‘leaving the tube 
mills is effected by means of sieve tésts made at hourly: intervals, Coarse 
particles are detrimental to easy and complete combination of :the eqmponents 
during burning. The fineness of the. slurry leaving the tube mills is regu- 
lated by controlling the rate of their feed. The fineness of the slurry is 
eae et or eee 90. per cent passing a eo mesh aleve. 

The chentiog’ eomeenltion of the raw material is kept a strict control. 
Samples of the slurry leaving the tube mille ore analyzed hourly for their 
calcium-carbonate content. Chenlical- control of materials extends from the 
.. quarry through the various plant departments,. but it is not necessary to des- 
cribe it here. The proper composition of the raw materials is attained by 
the following controls: 

Quarrying stone that. is sufted: for the. const aixtures: 
Blending of crushed stone in the open:storage. * - 
Use of proper amoumts 6f~clay,: ‘varying: the’ quantisy to". 
suit composition requirements,’ 2 ‘ #8 
Blending of slurry in ‘tanks a aaaenrra and air Bie is 
seer ea tion: oo oe 


| oe 
® 


x edd 
i, ae Ce 
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The material-handling equipment and practice are sumnarized as follows: | 


From 


Quarry face 


Gyratory 
crusher 


No. 9 hammer 
mill 


No. 7 hemmer 
mill 


Concrete stone 
storage bin 


Open storage 


2740 


Means of transvortetion 


One 18ton Vulcan steam locomotive, 
4-wheel, saddle-tank, hauls auerried 
stone about 1/2 mile in 12-yard, 
Western, side~dump cars in trains of 
four cars over standard-gace track; 
rails, 60 pounds per yard; maximum 


grade, about 1 per cent 


One belt conveyor, with belt 40 inchos 
wide and 130 feet between centers, con- 


veys crushed stons 


One belt conveyor, with belt 30 inches 
wide and 123 feet between centers, 


conveys crushed stone 


One belt convevor, with belt 30 inches 
wide and 261 feet between centers, 


conveys crushed stone 


Cne 40—-ton Porter steam locomotive, 
4-wheel, saddle-tank, hauls crushed 
stone about 4,000 feet in 40-ton steel 
hopper cars in trains of two cars over 
standard~gage track; rails, 67 and 
80 pounds per yard; maximum grade, 


about 2 per cent 


One Whiting electric crane, 3 yard 
capacity, svan 80 feet, powered by 
" four motors, handles stone in storage 
and reclaims it fron storage (this 
crane also serves cement—clinker 
and coal storages). 
to one 24-inch by 153-Zoot belt con- 
veyor, which in turn delivers to the | 
20-inch by 220-foot belt conveyor 
that delivers to the ball-mill feed 


bins 


a: Tw 


It delivers 


To 


Gyratory 
crusher. 


No. 9 hammer 


mill, 


No. 7 hammer 
mill. 


Concrete stone | 
storage bin. 


Open storage. 


Ball mills 


(preliminators). 
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From Means of transvortation To 
Clay quarry One 40—ton Porter steam Locomotive American clay 
(used aleo for hauling stone) hauls machine. . 


clay about 1,500 feet in 6-yard, 

Western, side-dump cars in trains 

of three cars over standard-gage . 

track; reils 67 and 80 nounds per 

yard; maximum grade about 2 per © 

cent. 
Note: Water is added to clay in the clay machine and the clay in 
suspension is pumped to storage tanks by a centrifugal: pump. It. 
rons by gravity, as needed, to the two ball mills, where it meets | 
the stone and where more water is added. The slurry consists of 
about 57 per cent of stone, 5 per cent of clay, and 38 per cent 


of water, 
Ball mills Two Link-Belt chain~and—bucket ele~ Tube mills. 
(preliminators) vators, with 8 by 8 by 16 inch 


buckets, receive the slurry (stone- 
clay-water) fron the trough leading 
from the two ball mills, and deliver 
it to a 40-foot Smidth horizontal 
mechanical agitator which feeds it to 
the four tube mills 


The electric power used by the motors is 3~phase, 60-cycle, 440~-volt 
alternating current. The air compressor serving the quarry is a 750 cubic 
foot Chicago Pneumatic machine driven by a 130-hp. synchronous motor. 


QUARRYING AND HANDLING CLAY 


Clay~quarrying operations are simole, and a few words will suffice to 
describe them. Clay is used as a source of silica, iron, and alumina for the 
cement mix. The clay is soft and plastic with no sandy material and but little 
loam. One 3/4~yard full-revolving, caterpillar~type, Osgood steam shovel is 
uged. The dipper noses into the clay bank and tears out the mterial which 
it loads into 6~yard, Western, side-dum> cars. The clay is haulod by steam 
locomotive to the 10-foot American clay machine, where water is added and the 
clay broken. The suspended clay is pumped to storage tanks, whence it runs 
by gravity to the preliminators, as needed. 


SAFETY AND FIRST-AID WORK 


In discussing the subject of safety and first~aid work it is difficult 
to separate safety activities in the quarry from those of the plant as a whole, 
but the following statements are applicable to the quarry in that it is one 
department of the cement plant. 


9740 ae be 


1.0. 6522 


There is a plant safety committee, made u» of all plant department 
heads, which meets monthly to discuss safety and first-aid matters. There 
is another group. mown as Distinguished gafety Workets Club, madd up of 12 
workmen who have shown outstanding fhterést in safety work. ‘This ‘group meets 
monthly and is presided over by the chairman ‘ofthe plant safety committee. 
Zach second Saturday a departmental safety meetihg is held, at which a work- 
man gives a talk on safety and dangerous and unsafe practices are discussed 
and suggestions made for their elimination. 4 good-housekeeping campaign, 
with regular inspections, is carried on in-all plant departments. 


Some time ago a first~aid instructor from the U. S. Bureau of Mines 
visited the plant and trained selected men in first aid, and the bureau first- 
aid methods are used at the quarry and throughout ‘the plant. The men first . 
trained in this work have in turn acted 4s instructors for oher men of the 
plant organization, until now 40 of the’ 150 ‘men’ employed at the plant have 
had first-aid training. There are two first-aid teams in the plent, made up 
of — men most proficient in this’ work, and At is’ “planned to have these teams 
COMPCTGs 
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QUARRY ORGANI 2ATT ON ra sa OF WAGES: 


& list of men employed at the scale will suffice to indicate the quarry 
organization and includes the following: =... 


1 quarry foreman 

well drillers 

‘shovel. operator..... 
‘shovel fireman 

‘Shovel pitman . 

‘blaster... ..... 
gyratory-crusher operator 
jackhamner driller ai 
hammer~mill operator. (for 2 milis) 
conveyor-belt operator © 

blacksmith 

blacksmith's helper 

.car revairmen .. 

. night. watchman - 


D seneehreuc esi a See es 


The totel quarry force, ineluding employoes of the ‘crushing department 
but not those of the grinding devartment or clay quarry, is 18 men. The 
foreman is paid a monthly salary and the workmen are paid on an hour basis, 
their rates of pay varying from 40 cents to 73 cents, with an average of 53 
cents an hour. There is no contract or bomus system used. The quarry normal- 
ly ig operated 10-1/3 hours a day, in daylight only, and about 270 days a year. 
The quarry is usually closed on Sunday and there is a shutdown of some weeks 
during the winter, 
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‘ine costs of maaerine stone,. “grushing etone, qeigrying clay, ead 
grinding stone plus clay given in. the, lait ‘teble are bd on. operations 
for the full year. 1930.; « 2 : 


nt tote zs oe « oo o® 
aes . Pe 


ely ‘Seote" for ary. at 4; Tier“of oe oe arr viet, 
ee Sela e -. 281,400 tong | 


a ee ee Sagat 3 hescche tee _ Per ton 
t aa 3 Rs ag .?¢ 2 se. ee ‘ . "? t. es . anere T te “¢ ‘ Pg ee 
- 2 a a ce ha GS ig PORE EE oS ee b hy 
= 
4 at ah ee eee ee 


All labor *. Be re roe OE _ “$0.0988 
Supplies other ‘than. ower, Fuel, and sinlosives” bs “> 0394 
Electric. powar, * ae taserececmecceresesener een abeg. 20061 
Coal (shovel and Locomotive) eiseesereswecepedog 0166 | 
Explosives . MPPETTTORTETRTTSTITECETETT LETT TS rts 1 20499" 
Stripping sta eeteeecateens ences eeea eens enedepad ae om 


Total eee seneseencesseaeceaeseancasew oes egees $0. 2108 


Cost of Grane ary stone (before ‘addition, of Clay) in 


atory crusher .and two. bamer mills. _ peed ihe 193 
stone crushed, 281,400 tong. 


ae 
‘2 
. 


All labor Dee ctee re ccee rere ehinereceenatineeescce $0,0371 
Supplies other than power and:fuel sveabegesrees * 0436 
Electric power Seen eter e scene rete eatenet ene teeee 00178 
Coal for locomotive hauling Cee ecorswseieleceeeee 20047 


Total cost ae ee rer one $0. 1032 


Tae: 


Cost of quarrying clay. Year of 19303 clay. quarr’ P 
yes $1,800 tons. 


“Per ton 


wo’ 


All labor bas a nds ae sen wta a eee ere Be Wale 6 ee te ate oor $0.0835 
Supplies other than power and COST Vile ccc envee 90118 
Coal for shovel and locomotive Sige eb. we en ecenaecaetenéte <O178 


. Total. cost. eae perme: 2 paanaws $0.1131 
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Cost of grinding slurry (stone plug clay). Yeer of 1930; 
material ground, 312,700 tons. 


Per ton 


All labor eoeeveeeeveosveevneeveeoeeaseeeeeseteoeeer8® $0.0613 
Supvlies other than power Cece re reeves ccccces 0797 
Electric power @eveeessevneseeseseeseeeeneseseesees _ 1598 


Total cost C@eeevueseeesecveosvneeaeseeteeeoesesveec oe 2@eoene08 & $0.2808 


Labor for grinding includes wages of clay-machine operator, belt~conveyor 
operator, etc. 


Man-hours per unit of production. Year 1930; stone, 281,400 
tons; cl 31,500 tons. 


Quarry: Man-hours per ton of stone quarried. 0.169 
Crushing: Man-hours per ton of stone crushed 073 
Clay: Man-hours per ton of clay quarried ... 2168 
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